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Endotoxin injection has been widely used to study the acute inflammatory response. In this study, we directly
compared the inflammatory responses to endotoxin in mice and humans. Escherichia coli type O113 endotoxin
was prepared under identical conditions, verified to be of equal biological potency, and used for both mice and
humans. The dose of endotoxin needed to induce an interleukin-6 (IL-6) concentration in plasma of �1,000
pg/ml 2 h after injection was 2 ng/kg of body weight in humans and 500 ng/kg in mice. Healthy adult volunteers
were injected intravenously with endotoxin, and male C57BL/6 mice (n � 4 to 12) were injected intraperito-
neally with endotoxin. Physiological, hematological, and cytokine responses were determined. Endotoxin
induced a rapid physiological response in humans (fever, tachycardia, and slight hypotension) but not in mice.
Both mice and humans exhibited lymphopenia with a nadir at 4 h and recovery by 24 h. The levels of tumor
necrosis factor (TNF) and IL-6 in plasma peaked at 2 h and returned to baseline levels by 4 to 6 h. IL-1 receptor
antagonist RA and TNF soluble receptor I were upregulated in both mice and humans but were upregulated
more strongly in humans. Mice produced greater levels of CXC chemokines, and both mice and humans
exhibited peak production at 2 h. These studies demonstrate that although differences exist and a higher
endotoxin challenge is necessary in mice, there are several similarities in the inflammatory response to
endotoxin in mice and humans.

Administration of specific pathogens has proven to be a
powerful tool for investigating the host’s inflammatory re-
sponse. Infusion of endotoxin, a cell wall component of gram-
negative bacteria, is a well-established model for studying the
acute inflammatory response (11, 17, 35). The murine endo-
toxin model has provided basic information resulting in dra-
matic improvements in understanding the inflammatory re-
sponse. As a specific example, injecting endotoxin into mice
led to the discovery of tumor necrosis factor (TNF) (6). Fur-
ther investigation of this critical mediator of inflammation
demonstrated that TNF also played a role in chronic inflam-
matory conditions, such as arthritis and inflammatory bowel
disease. At this time, TNF inhibitors are therapies for the
treatment of patients with rheumatoid arthritis (32) and
Crohn’s disease (23) approved by the Food and Drug Admin-
istration.

Complementary studies of endotoxin administration in hu-
mans are often limited due to the risk of toxicity. On the basis
of the pyrogenic response to endotoxin, humans are consid-
ered the most sensitive of all models to the effects of endotoxin
(38). Despite the differences in sensitivity, the human model is
useful in measuring the responses that are common to the
acute inflammatory response and those responses that are spe-
cific to the endotoxin (17). Linking the murine and human

models into one definitive comparison proves to be more dif-
ficult, if not impossible. A recent review article has highlighted
the differences between murine and human immunology (19).

The purpose of this study was to provide a direct comparison
of the acute inflammatory response to endotoxin in mice and
humans. By injecting both healthy human volunteers and mice
with identical endotoxin, we are providing the missing com-
monality between these models. For these studies, we injected
the same serotype of endotoxin prepared in the same manner
into male mice and healthy male and female human volunteers
to determine the magnitude and kinetics of the in vivo inflam-
matory response. The parallel parameters measured include
heart rate, temperature, blood pressure, complete cell count,
and cytokine concentration.

MATERIALS AND METHODS

Experimental subjects. (i) Mice. Male C57BL/6 mice (6 to 8 weeks old) were
obtained from Jackson Laboratory (Bar Harbor, Maine) and kept under stan-
dard laboratory conditions. Mice were housed in a temperature-controlled room
with a 12-h light/dark cycle and allowed food and water ad libitum. The Univer-
sity of Michigan Committee on the Use and Care of Animals approved all
experiments.

(ii) Humans. Thirteen adult (10 males and 3 females), paid volunteers were
recruited by public advertisement for entry into the protocol approved by the
Institutional Review Board of UMDNJ-Robert Wood Johnson Medical School.
Inclusion criteria were as follows: (i) good general health, as demonstrated by
medical history, physical examination, and laboratory tests within 6 weeks of the
study; (ii) age between 18 and 40 years; and (iii) written informed consent prior
to the performance of any study-related procedure. Exclusion criteria were as
follows: (i) history of cancer, rheumatoid arthritis, heart disease, hypertension, or
immunological, renal, hepatic, endocrine, neurological dysfunction; (ii) recent
history of alcohol or drug abuse; (iii) mental capacity limited to the extent that
the subject could not provide written informed consent or information regarding
treatment-emergent adverse events and/or tolerance of study medication and/or
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procedures; (iv) exposure to any experimental agent or procedure within 30 days
of study; (v) pregnancy or breast-feeding; and (vi) prior intravenous endotoxin
administration.

Endotoxin. The mice were injected with endotoxin derived from Escherichia
coli O113, lot 5 (28). A frozen aliquot of the endotoxin was prepared in normal
saline on the day of use. A limulus amebocyte lysate (LAL; Associates of Cape
Cod, Inc., East Falmouth, Mass.) test was performed on each lot of endotoxin to
validate its concentration (data not shown). Results from the LAL test were used
to standardize the concentrations of the different lots administered to the human
subjects (lot 6) and mice (lot 5). Human volunteers were injected with National
Institutes of Health (NIH) Clinical Center Reference Endotoxin, which is the
same strain of E. coli prepared under similar conditions but a different lot (lot 6).

Whole-blood stimulation. Although the endotoxin was derived from the same
serotype and was prepared in the same manner, we wished to determine whether
the biological activities of the two different lots were equivalent. In keeping with
the in vivo studies described below, the experiments focused on inducing inter-
leukin-6 (IL-6) via endotoxin. To perform the studies, healthy volunteers do-
nated whole blood, which was stimulated with endotoxin (from either source)
using our previous protocols (8, 9, 39). Blood samples from six healthy donors
were drawn into a syringe containing heparin (10 U/ml). One milliliter of whole
blood was aliquoted into a microcentrifuge tube and individually stimulated with
endotoxin in a dose-dependent manner with 3, 1, or 0.1 ng/ml of either lot 5 or
lot 6 endotoxin. All tubes were incubated (37°C) on a rotator for 6 h. After
incubation, tubes were centrifuged at 2,000 � g for 5 min, and plasma was
collected. Plasma was frozen at �70°C until IL-6 measurement via an enzyme-
linked immunosorbent assay (ELISA).

Dose response. Five mice were used for optimization of the endotoxin con-
centration to achieve a concentration of IL-6 at 2 h equal to approximately 1,000
pg/ml. All mice were injected intraperitoneally (i.p.) and sacrificed at 2 h, plasma
was harvested, and IL-6 was measured via an ELISA.

Route of administration (i.p. versus i.v.). We compared the responses of male
C57BL/6 mice to injection of lipopolysaccharide (LPS) via either the intravenous
(i.v.) or intraperitoneal (i.p.) route. Vasodilation was achieved by the topical
application of methyl salicylate to the tail (Sigma, St. Louis, Mo.). Ten nano-
grams of endotoxin was diluted in normal saline and injected in a 100-�l volume
either i.p. or i.v. Mice were sacrificed 2, 4, or 6 h after injection. Blood samples
were collected via cardiac puncture of the mice anesthetized with isoflurane and
treated with EDTA, an anticoagulant. In a separate experiment, rabbit immu-
noglobulin G (IgG) was injected i.v. and i.p. to determine the distribution of a
relatively inert, large molecule and our ability to perform reproducible i.v. in-
jections. Serial blood samples were drawn from the same mouse every 2, 6, 9, and
24 h.

Human endotoxin model. (i) Procedure. On study day 1 by 1500 h, the vol-
unteer was admitted to the hospital and underwent a physical examination, and
blood and urine tests were performed. An i.v. catheter was placed in one upper
extremity, and a continuous i.v. drip of dextrose 5% water–0.5 normal saline (100
ml/h) was begun and continued until the subject tolerated a regular meal after
completion of the acute part of the study on the following day. On the morning
of study day 2, a radial artery was cannulated percutaneously with a 20-gauge
catheter and connected to a pressure transducer. Hemodynamic and respiratory
parameters, rectal temperature, and subjective symptoms of distress (chills, mus-
cle aches, headache, nausea, perceived fever, sensitivity to light, and arterial line
discomfort) were monitored every 30 min for the next 6 h. After baseline
monitoring, subjects were administered NIH Clinical Center Reference Endo-
toxin at a dose of 2 ng/kg of body weight over a 5-min period through the i.v. line.
In our studies, this endotoxin is referred to as lot 6. Blood samples were collected
before endotoxin infusion (0 h) and at postinfusion times of 2, 4, 6, 9, and 24 h.
On study day 3, after the 24-h blood sample and a urine sample were obtained,
the subject was discharged.

(ii) Blood samples for plasma. Blood samples treated with EDTA, an antico-
agulant, were immediately placed on ice and processed within 1 h. After cen-
trifugation at 1,000 � g for 10 min, plasma was collected, aliquoted, and stored
at �70°C until assayed for cytokine concentrations.

(iii) Blood samples for CBC and differential WBC count. Blood samples
treated with EDTA, an anticoagulant, were transported to the Robert Wood
Johnson University Hospital Clinical Laboratory where automated complete
blood count (CBC) and differential white blood cell (WBC) counts were per-
formed. Differential WBC counts flagged as being outside the normal range by
the automated count were then assessed by manual cell counting per the clinical
laboratory procedures.

Mouse endotoxin model. The total dose of endotoxin for all subsequent ex-
periments was 10 ng into an approximately 20-g mouse to yield a dose of 500
ng/kg.

(i) Part I. Physiology. This section focuses on the changes in blood pressure
(systolic, diastolic, and mean), heart rate, and body temperature after endotoxin
is injected into mice.

(a) Blood pressure and heart rate protocol. Blood pressure and heart rate
were determined by the method of Krege (16) using a Visitech BP-2000 blood
pressure analysis system (Apex, N.C.). All mice were “trained” to become accli-
mated to the physiology equipment and to allow proper collection of blood
pressure and heart rate. The mice were acclimated by placing the mice in the
equipment for 5 to 7 days before the endotoxin injection. After a baseline
measurement, data were collected every hour for the first 8 h.

(b) Temperature protocol. In a separate group of mice, implantable radio-
transmitters (Mini Mitter Co.; SunRiver, Oreg.) were used to continuously mon-
itor the internal body temperature. For subcutaneous implantation of the radio-
transmitters, mice were anesthetized using isoflurane (AErrane; Baxter,
Deerfield, Ill.), and the skin was closed with 9-mm-long wound clips (MikRon
Autoclip). This surgery occurred 5 days before endotoxin injection to allow
sufficient time for recovery from surgery. Baseline temperatures were recorded
the day before injection. For controls, two mice were injected (i.p.) with saline at
the same time as the mice injected with endotoxin.

(ii) Part II. Hematology and cytokines. For these studies, the mice were
injected with endotoxin, and groups of mice were sacrificed to harvest blood.
Mice were randomized into groups for each time point (2, 4, 6, 9, and 24 h after
injection). An additional group of eight mice were sacrificed at time zero before
any i.p. injections. At the time of sacrifice, the mice were anesthetized with
isoflurane. Blood was harvested by cardiac puncture using a 1-ml syringe with a
25-gauge 5/8 in. needle that contained 0.05 ml of 169 mM EDTA (Sigma)
solution. Blood was transferred to a 1.5-ml microcentrifuge tube.

(a) Hematology. The whole blood harvested from the cardiac puncture was
used for a CBC and automated differential performed by the Hemavet instru-
ment (CDC Technologies, Oxford, Conn.).

(b) Cytokine levels. After Hemavet analysis, all blood was centrifuged (1,500
� g for 5 min), and plasma was removed and stored at �70°C until cytokines
were analyzed by ELISAs.

ELISA. All cytokine ELISAs were measured using matched antibody pairs
(R&D Systems, Inc., Minneapolis, Minn.) in 96-well plates (Nunc Immunoplate
Maxisorb; Nunc, Neptune, N.J.) as previously described (21). Briefly, capture
antibodies were placed on the plates and allowed to incubate overnight. The next
morning, the plates were blocked at room temperature for 1 h on a rotator. After
the plates were washed, plasma samples were added (50 �l per well) in duplicate
and incubated for 1 or 2 h at room temperature on a rotator. The samples were
diluted at least 1:10 before the assay and in some situations up to 1:500 in order
to keep the results on the scale of the standard curve. Biotinylated antibodies
were added (50 �l per well), and plates were incubated for 1 or 2 h at room
temperature on a rotator. The plates were incubated for 0.5 h with streptavidin-
horseradish peroxidase at a dilution of 1:20,000, and the antibodies were de-
tected with TMB (3,3�,5,5�-tetramethylbenzidine) (Sigma catalog no. T-2885)
dissolved in dimethyl sulfoxide (Sigma catalog no. D-2650) to a concentration of
1% in a solution containing 0.1 M citric acid, 0.1 M sodium acetate (pH 6), and
0.016% H2O2 for 30 min. The reaction was stopped by the addition of 1.5 M
H2SO4. Plates were read using two wavelengths (465 and 590 nm) on a Biotek
microplate reader (Biotek Instruments, Inc., Winooski, Vt.), and total cytokine
concentrations were calculated using the standard curve prepared from recom-
binant cytokines. The lower limit of detection for the cytokines based on the
standard curves ranged from 1 to 3 pg/ml.

Statistical analysis. Values were expressed as means � standard errors of the
means (SEMs) of the experiment. Data were analyzed using a Student’s t test,
and P values of �0.05 were considered statistically significant.

RESULTS

Endotoxin. While the two lots of endotoxin had similar com-
positions, it was necessary to evaluate their relative potency.
The activities of both lots of endotoxin were first evaluated in
the limulus assay which showed similar activities (data not
shown). We further tested the biological activity by determin-
ing the potency with regards to inducing cytokine production.
Although many different parameters could be used, the con-
centration of IL-6 in plasma was used as the point of reference,
both for this study and in vivo comparisons. Whole-blood sam-
ples from healthy human volunteers were stimulated with the
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different lots of endotoxin in a dose-response manner. Figure
1 shows three representative doses of endotoxin. Both lot 5 and
6, for all endotoxin doses represented, induced nearly identical
concentrations of IL-6. These data indicated that the endo-
toxin used for the human studies (lot 6) had the same activity
as that used for the murine studies (lot 5).

Dose response. A decision was made to focus on one pa-
rameter to align the human and mouse models. The concen-
tration of IL-6 in plasma was chosen as the omnibus marker to
find an equivalent, inflammation-inducing endotoxin dose.
Previous studies have shown that an infusion of endotoxin (E.
coli O113) in humans produces, on average, 1,200 pg of IL-6
per ml (2, 18, 31). Initial evaluation of the plasma from the
present studies indicated that the endotoxin induced approxi-
mately 1,000 pg of IL-6 per ml 2 h after endotoxin infusion. For
determination of the endotoxin dose in mice, a dose-response
experiment was performed (Fig. 2), which demonstrated in-
creasing plasma IL-6 levels with increasing endotoxin doses. A
dose of 10 ng/mouse approximately achieved the desired IL-6
levels in the mice. Collectively, the results indicated that 2 ng

of endotoxin per kg in humans and 500 ng of endotoxin per kg
in mice would produce the desired response of 1,000 pg of IL-6
per ml. This dose of endotoxin was used for all ensuing studies.

Route of administration. A significant difference between
the mouse and human studies was the route of injection, i.p. in
the mice and i.v. in the mouse. Subsequent differences in the
response may not reflect species differences but merely differ-
ences in the routes of injection. A series of experiments were
designed to carefully test the equivalency of the i.v. versus i.p.
injection. Injecting i.v. in mice, without prior warming, can be
technically difficult. In order to ensure reproducible technical
injections, we gave the mice rabbit immunoglobulin either i.v.
or i.p., and serial blood samples were taken. Figure 3A shows
that either route of injection results in reproducible levels of
immunoglobulin, although higher levels were obtained when
compounds were administered i.v. Next, we evaluated the lev-
els of IL-6 in plasma in response to endotoxin when it was
injected i.v. or i.p. Identical levels of IL-6 were induced via
either method. The range of the response to the endotoxin was
surprising; it ranged from nearly undetectable to 2,000 pg/ml
(Fig. 3B). Based on the data shown in Fig. 3A, the differences
in the IL-6 response were not due to variations in the adequacy
of the injection. We also evaluated another response, the lym-
phopenia which develops after endotoxin, because this re-
sponse persists longer than the production of IL-6. Either
route of injection induced rapid lymphopenia, but the response
persisted longer after i.v. injection. These data demonstrate
that injection of endotoxin by either the i.p. or i.v. route in-
duces a similar inflammatory response, although certain as-
pects continue longer after i.v. injection.

Physiology. The monitoring of temperature, systolic pres-
sure, and heart rate in the human volunteers after the infusion
of endotoxin revealed an increase in all parameters measured,
whereas the mice showed no significant alteration over the
same time period. Figure 4A shows the increase in heart rate
in humans over a 9-h period, while there is essentially no
alteration in the mice. Monitoring of systolic pressure (Fig. 4B)
in the humans after endotoxin infusion showed a slight in-
crease in blood pressure at 2 h, but no changes were observed
in the mice. Figure 4C shows the results of monitoring the core
body temperature for 24 h; endotoxin induced a sharp increase
in the core temperature of humans that was not observed in the

FIG. 1. Ex vivo IL-6 production. Human whole blood was stimu-
lated with the indicated doses of the E. coli O113 endotoxin that was
used in the human studies (lot 6) or murine studies (lot 5). Plasma was
harvested after 6 h of stimulation, and IL-6 concentrations (Conc.)
were determined. At each dose of endotoxin, both lots induced statis-
tically similar amounts of IL-6. Each value is the mean � SEM (error
bar) for the indicated number of donors.

FIG. 2. IL-6 production with increasing doses of endotoxin. Mice
were injected with the indicated doses of endotoxin, and plasma was
harvested 2 h later. Increasing doses of endotoxin resulted in increas-
ing plasma IL-6 levels. Note that both the IL-6 concentration (Conc.)
and endotoxin dose are plotted on a log scale. The line indicates the
regression through the data.
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mice. As expected, endotoxin elicited a marked physiological
response in the human volunteers; however, the physical re-
sponse in the mice was not significantly altered. There is some
variability in the temperature of the mice, so the temperatures
of two mice injected with saline are also included in Fig. 4C
which demonstrates that the variation is not due to the endo-
toxin. These data show that at this dose of endotoxin, humans
have a physiological response, while the mice do not.

Hematology and cytokine concentrations. The endotoxin in-
fusion induced significant alterations in many of the parame-

ters measured for humans and mice. Figure 5A demonstrates
the changes in peripheral WBC after the infusion of endotoxin
for humans and mice. Humans showed a gradual increase in
the total WBC count over the 24-h period, but the mice had no
significant alterations. However, differential cell counts re-
vealed similar changes in the peripheral neutrophils and lym-
phocytes for humans and mice. It must be noted that in healthy
humans the majority of the circulating WBCs are neutrophils,
while in mice the majority of the circulating cells are lympho-
cytes. Neutrophils (Fig. 5B) demonstrated an increase and

FIG. 3. Effect of route of administration (i.v. versus i.p.). (A) Rab-
bit IgG was injected i.v. and i.p. to determine the distribution of a
relatively inert, large molecule. Serial blood samples were drawn from
the same mouse every 2, 6, 9, and 24 h. Each value is the mean � SEM
(error bar) for 10 mice. Conc., concentration. (B and C) Ten nano-
grams of endotoxin was diluted in normal saline and injected in a
100-�l volume either i.p. or i.v. Mice were sacrificed at 2, 4, or 6 h after
injections. (B) IL-6 production from individual mice at 2 h. (C)
Changes in lymphocyte counts over time. Each value is the mean �
SEM (error bar) for eight mice.

FIG. 4. Physiological changes. (A) Heart rate increased in humans,
while no changes were observed in the mice after endotoxin adminis-
tration. (B) Systolic blood pressure also increased slightly with no real
change in the mice. In panels A and B, each value is the mean � SEM
(error bar) for 10 humans or 6 to 10 mice. (C) Body temperature
increased in response to endotoxin in humans but no discernible pat-
tern was seen in the mice. Data from two mice injected with saline are
included to demonstrate that the changes in body temperature are not
due to the endotoxin but to normal diurnal variations.
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recovery over a 24-h period in humans and mice. Note that the
data are graphed on a different scale for the mice and humans.
While the shape of the curve is similar, the increase in absolute
numbers of circulating neutrophils is much greater in humans.
This greater increase in neutrophils accounts for the increase
in the total WBC count observed in the humans relative to
mice. Lymphocytes (Fig. 5C) demonstrated a significant de-
crease and recovery over a 24-h period for humans and mice.
Although overall cell numbers from humans and mice are
statistically different, the patterns of change caused by the
infusion of endotoxin are similar.

As expected, the cytokines demonstrated a time-dependent
increase and return to baseline levels over the 24-h period after
infusion of endotoxin for humans and mice. Figure 6A dem-
onstrates the peak in IL-6 at the 2-h time point and the return
to the baseline level at 6 h for humans and mice. Pivotal for the
entire study, the IL-6 concentration for mice and humans was
approximately 1,000 pg/ml at the 2-h time point. At the dose of
endotoxin used, the mice had a greater induction of IL-6,
which was statistically significant at the 4-h time point. Figure
6B demonstrates the brisk rise in TNF alpha (TNF-	) levels in
mice and humans at 2 h and return to baseline levels by 4 h.
Similar to IL-6, the levels of TNF-	 in mice (782 � 281 pg/ml)

FIG. 5. Hematological alterations after endotoxin injection. (A)
Humans have an overall increase in circulating WBCs, while the mu-
rine response is virtually unchanged. Neutrophilia (B) and lymphope-
nia (C) develop in mice and humans. In panels B and C, the human
and mouse data are plotted on different scales, since the number of
circulating cells differs in mice and humans. Each value is the mean �
SEM (error bar) for 10 humans or 23 mice.

FIG. 6. Rapid induction of proinflammatory cytokines after endo-
toxin injection. Both IL-6 and TNF quickly appeared in the plasma and
returned to baseline levels (not detected) by 6 h. IL-1
 was not de-
tected in the human samples at any time point. Note the different axes
in panel C. Each value is the mean � SEM (error bar) for 4 to 13
humans or 5 to 11 mice. Values that were significantly different (P �
0.05) in mice and humans are indicated by an asterisk. Conc., concen-
tration.
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were higher than those in humans (231 � 35 pg/ml) at the 2-h
time point. IL-1
 was readily detected at multiple time points
in mice but was not present at a detectable level at any time
point in humans.

TNF soluble receptor I (TNF-SRI) was strongly induced in
humans, reaching peak levels within 2 h, while in mice there
was little variation in the levels of TNF-SRI in plasma (Fig.
7A). Figure 7B demonstrates the common pattern of IL-1
receptor antagonist RA (IL-1RA) levels in humans and mice,
but there were some important differences. IL-1RA peaked at
2 h in mice but peaked at 4 h in humans. The levels of IL-1RA
were also much higher in the humans than in the mice. Figure
8 depicts the kinetics of CXC chemokine appearance in hu-

mans and mice. Each of the CXC chemokines examined dem-
onstrated a nearly identical pattern, with a sharp peak at 2 h
after endotoxin injection, followed by a rapid return to the
baseline level.

DISCUSSION

The many parameters measured in this set of studies dem-
onstrated the similarities and differences between the human
and mouse models of endotoxin challenge. The most striking
difference observed was the difference in dose between humans
and mice. Although the lots of endotoxin were similar in po-
tency, the final dose given to the mice to achieve the targeted

FIG. 7. Profiles of anti-inflammatory cytokines after endotoxin injection. Similar kinetics of appearance of TNF-SRI and IL-1RA were
observed in mice and humans, although the levels of the anti-inflammatory cytokines were substantially greater in humans than in mice. Each value
is the mean � SEM (error bar) for 13 humans or 5 to 11 mice. Conc., concentration.

FIG. 8. Kinetics of CXC chemokine appearance after endotoxin injection. Each of the measured CXC chemokines peaked within 2 h of
endotoxin injection. Note that the values of KC and macrophage inflammatory protein 2 in the mouse were significantly higher than IL-8 or
growth-related oncogene-	 in humans. Each value is the mean � SEM (error bar) for 13 humans or 11 mice. Conc., concentration.
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concentration of 1,000 pg of IL-6 per ml was 250 times greater
than that given to humans. The IL-6 target was chosen in
response to the large body of evidence identifying this key
cytokine in endotoxin (13) and sepsis (7, 25) work for example.
These findings are also consistent with previous studies that
found humans to be the most sensitive of all models after an
endotoxin challenge (17, 38). Historically, human endotoxin
studies have found an effective dose at 4 ng/kg; however, this
study achieved a profound physiological response at 2 ng/kg (2,
5, 11, 17, 18, 29, 31). A previous report indicates that the lot 5
previously used for the human studies had lost some potency
(30), but our studies showed that both lots (lots 5 and 6)
induced similar levels of IL-6 in human whole blood. Addi-
tionally, the different routes of administration (i.p. in mice, i.v.
in humans) did not affect the magnitude of the response to
endotoxin. This lack of difference in the response to the route
of administration is supported by other work, including fever
production after endotoxin administration (3), antibody treat-
ment in a tumor model (33), and clondronate administration
and deposition in bone (20).

The physiological response (i.e., blood pressure, heart rate,
and temperature) in humans in our present work is compara-
ble to those of previous reports. The elevation in core temper-
ature has been documented and confirmed by this study to
peak around 3 h after endotoxin infusion and to stabilize an
average of 5 h after endotoxin infusion (2, 10, 11, 17, 18, 22, 29,
36). On the other hand, although no difference was seen in
mice in this study, previous reports have noted a decrease in
temperature with an endotoxin challenge (15, 24). These pre-
vious studies used substantially higher concentrations of endo-
toxin; at the low dose used for our studies, no alterations in
temperature were observed. This mouse model is also in keep-
ing with other studies utilizing C57BL/6 mice for studies of
endotoxin and thrombotic disease (37), atherosclerosis (14),
and cell kinetics (12). Cardiac function in humans, as measured
by heart rate and systolic pressure, in response to an endotoxin
challenge is consistent with previous studies that found an
elevated heart rate and increased blood pressure over an ap-
proximately 2-h period after infusion of endotoxin (1, 2, 5, 10,
11, 17, 22, 36, 38). Unfortunately, no previous reports were
found to align with this study’s findings of the lack of effect on
the cardiac function after endotoxin infusion in mice. Given
the lack of temperature response to endotoxin in the mice, it is
not surprising that the cardiac parameters also did not change.

The hematological response in humans and mice can be best
described as mixed, with different alterations in lymphocytes
and neutrophils. Starting with the dramatic decrease in lym-
phocytes over 4 h after endotoxin infusion, the number of
lymphocytes gradually returns to normal. The neutrophil re-
sponse is the exact opposite, with a rapid rise in the total
number of circulating neutrophils, followed by a return to
normal levels by 24 h. Since one major constituent of the
peripheral blood is rising while the other is decreasing, the
overall picture of WBC is a gentle rise in humans over 6 to 9 h
after endotoxin infusion and virtually no change in mice. These
findings compare favorably with previous reports in which the
human hematological profile consisted of initial leukopenia
followed by leukocytosis, with most of the dramatic changes
observed in the neutrophil counts (2, 4, 5, 27, 29, 34, 36, 38).

The overall cytokine pictures for humans and mice were

strikingly similar. With the exception of IL-1
 in mice, all
proinflammatory cytokines peaked around 2 h after endotoxin
infusion and returned to baseline levels by 4 to 6 h after
endotoxin administration. The same pattern was observed with
the anti-inflammatory cytokines and chemokines, with the ex-
ception of IL-1RA in humans, which peaked at 4 h. Similar
findings have been reported in numerous studies in humans
and mice (1, 2, 5, 17, 18, 24, 26, 31, 34, 35).

Collectively, these studies create a profile for humans and
mice for a nonlethal endotoxin challenge over a 24-h period.
These studies provide the link between these common models
for investigating the host inflammatory response. Humans
clearly demonstrated a physiological response which was not
evident in mice. The cytokine induction patterns in mice and
humans were similar, although greater concentrations of en-
dotoxin were needed to induce the response in mice.
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